INTERVENTIONAL CARDIOLOGY AND SURGERY
One year cost effectiveness of sirolimus eluting stents compared with bare metal stents in the treatment of single native de novo coronary lesions: an analysis from the RAVEL trial Objective: To assess the balance between costs and effects of the sirolimus eluting stent in the treatment of single native de novo coronary lesions in the RAVEL (randomised study with the sirolimus eluting Bx Velocity balloon expandable stent in the treatment of patients with de novo native coronary artery lesions) study. Design: Multicentre, double blind, randomised trial Setting: Percutaneous coronary intervention for single de novo coronary lesions Patients: 238 patients with stable or unstable angina. Interventions: Randomisation to sirolimus eluting stent or bare stent implantation. Main outcome measures: Patients were followed up to one year and the treatment effects were expressed as one year survival free of major adverse cardiac events (MACE). Costs were estimated as the product of resource utilisation and Dutch unit costs. Results: At one year, the absolute difference in MACE-free survival was 23% in favour of the sirolimus eluting stent group. At the index procedure, sirolimus eluting stent implantation had an estimated additional procedural cost of J1286. At one year, however, the estimated additional cost difference had decreased to J54 because of the reduction in the need for repeat revascularisations in the sirolimus group (0.8% v 23.6%; p , 0.01). After adjustment of actual results for the consequences of angiographic follow up (correction based on data from the BENESTENT (Belgium Netherlands stent) II study), the difference in MACE-free survival was estimated at 11.1% and the additional one year costs at J166. Conclusions: The one year data from RAVEL suggest an attractive balance between costs and effects for sirolimus eluting stents in the treatment of single native de novo coronary lesions. The cost effectiveness of drug eluting stents in more complex lesion subsets remains to be determined. S irolimus eluting stents have been recently proved to greatly reduce coronary restenosis and the need for subsequent revascularisation compared with conventional stenting. [1] [2] [3] Sirolimus eluting stents have been available for routine use since April 2002 in Europe and since April 2003 in the USA. Owing to the clear clinical superiority of these devices over bare metal stents, clinicians would be expected to want to use the new stent as extensively as possible. However, sirolimus stents are more costly than conventional bare stents, which may increase up front procedural costs and has been perceived as an important limitation to more widespread utilisation of these devices in clinical practice. On the other hand, the reduction of repeat intervention procedures during follow up may save costs, which may eventually lower total costs. Therefore, in the current era of cost containment policies, the question arises as to how the additional effects compare with the additional costs.
The present study addressed this question for patients included in the RAVEL (randomised study with the sirolimus eluting Bx Velocity balloon expandable stent in the treatment of patients with de novo native coronary artery lesions) study. It is important to note that the RAVEL study had a protocol mandated angiogram scheduled at 5-7 months of follow up. 1 It is known from the Belgium Netherlands stent (BENESTENT) II study that this policy may bias both cost and effectiveness estimates of the treatments when compared with estimates for patients without routine angiographic follow up. 4 Since routine angiographic follow up is not standard practice in the ''daily life'' of most centres, the question needs to be raised whether the results would differ without angiographic follow up. This issue was addressed in this report by an analysis that combined estimates of costs and effects from the RAVEL study (comparing drug eluting with bare stents) with estimates of the effect of angiographic follow up from the BENESTENT II study (comparing results with and without scheduled angiographic follow up).
MATERIAL AND METHODS
The study protocol and main findings of the RAVEL study have been reported in detail elsewhere. 1 In brief, RAVEL was a randomised, double blind study of 238 patients with a diagnosis of stable or unstable angina scheduled for treatment of a single de novo target lesion in a native coronary vessel. Patients were treated with either a bare metal Bx Velocity stent (Cordis Corp, Miami Lakes, Florida, USA) or a Abbreviations: ARTS, arterial revascularisation therapies study; BENESTENT, Belgium Netherlands stent; DEBATE, Doppler endpoints balloon angioplasty trial Europe; MACE, major adverse cardiac events; RAVEL, randomised study with the sirolimus eluting Bx Velocity balloon expandable stent in the treatment of patients with de novo native coronary artery lesions similar sirolimus eluting Bx Velocity stent. Both stents were indistinguishable, except under microscopy. At 30 days and six and 12 months, patients returned for evaluation and were specifically questioned to identify the possible interim development of angina, as well as to monitor major adverse cardiac events (MACE) including additional revascularisation of the index target lesion. Diagnostic angiography was performed at 180 (range 150-210) days or preceding a reintervention. The decision to perform a reintervention was left to the investigator's discretion, who was asked to register whether it was based on clinical symptoms or guided by angiographic results.
Cost effectiveness
Effectiveness was assessed by using the composite of 12 month MACE, which were all-cause death, non-fatal myocardial infarction, and target lesion revascularisation (either surgical or percutaneous). With respect to costs, the analysis was limited to the direct medical costs. The balance between costs and effects after 12 months was assessed by computing the incremental cost effectiveness ratio (the average one year costs per patient treated with drug eluting stents minus the average one year costs with bare stent implantation divided by the percentage change in MACE-free survivors after one year).
For cost effectiveness, two scenarios were investigated. The first scenario reflects the actual protocol driven resource use and effectiveness observed in the RAVEL study (which included a six month angiogram). For the estimation of the costs and effects of this scenario, we used methods similar to those used in the assessments of costs and effects in the BENESTENT II study, 4 the DEBATE (Doppler endpoints balloon angioplasty trial Europe) II study, 5 and ARTS (arterial revascularisation therapies study). 6 Resource utilisation data were collected from the case record form for the initial procedure (number of balloons, type and number of stents, type and number of catheters, etc), hospital admissions (coronary care unit, intensive care unit, conventional ward), and major treatment and diagnostic procedures after the initial procedure. Unit costs were estimated, before the analysis of the data, on the basis of detailed information from the Erasmus Medical Centre, Rotterdam, the Netherlands, following an approach similar to that reported previously. 7 Costs per patient were calculated as the product of each patient's resource utilisation and the corresponding unit cost. Information about the prices of sirolimus eluting and bare stents was obtained from the manufacturing company. In both arms, the medication costs include those of eight weeks of antiplatelet treatment.
The second scenario excluded follow up angiography as a standard procedure. The rationale for this approach was to exclude the effect of the so-called oculostenotic reflex, which may increase the incidence of repeat intervention in patients undergoing protocol mandated angiographic re-evaluation. 4 8 It is noteworthy that the information collected at the time of the repeat revascularisations on whether the new intervention was driven by angina was indicative of the effect of angiographic follow up. However, these records were not informative about the impact of follow up angiograms on the number of angiographies and repeat procedures that would have taken place before and after 5-7 months. It is expected that some of the procedures performed during the follow up visit would normally have been carried out during the months either before or after the protocol driven angiogram. With respect to the angiograms and interventions that would have been performed before the prespecified time point, it is expected that these were postponed knowing that angiograms were already scheduled at the 5-7 month follow up. One would therefore expect a lower revascularisation rate before a prespecified angiographic follow up than would have been the case without such a specification. Conversely, if an angiogram is prespecified, there may be less need for later angiography and for late repeat procedures than without angiographic follow up.
In the BENESTENT II study, 4 which compared balloon angioplasty with stenting, a one to one subrandomisation was carried out assigning patients either to planned angiographic follow up (as in the RAVEL trial) or to clinical follow up alone (which is preferred for the purpose of a cost effectiveness analysis). Among patients with protocol mandated angiographic follow up, the rate of repeat revascularisation was 18.27% (stenting) versus 22.28% (balloon). Without angiographic follow up, the percentage of repeat revascularisations was 7.77% versus 16.26%, respectively. With angiographic follow up, the percentage of patients with unscheduled angiograms was 8.17% versus 12.86% (with and without stenting). Without angiographic follow up the percentage of unscheduled angiograms was 14.08% versus 20.20%. Thus, on average, the inclusion of angiographic follow up increased the number of repeat revascularisations by a factor 1.6 and decreased the number of unscheduled angiograms by a factor of 0.6. The data from the BENESTENT II trial, therefore, offer a source for estimating the effect of angiographic follow up on both the occurrence of angiograms and repeat interventions. Moreover, that trial also offers information about the timing of these procedures.
To estimate the effects of angiographic follow up on treatment, the time after the initial procedure was divided into three periods: firstly, from the index procedure to month 5; secondly, from month 5 to month 7; and thirdly, from month 7 to month 12. For each period, the rates of nonscheduled angiographies and of repeat revascularisation were estimated. Differences were estimated in terms of relative risk ratios; those significantly different from 1.0 were included in the analysis. Subsequently, the numbers of patients free of repeat revascularisations were estimated by multiplying the number of repeat revascularisations observed in RAVEL with the relative risk ratios derived from BENESTENT for all three periods. Finally, average MACEfree survival was estimated by multiplying the revascularisation rate times the relative risk scores of patients who only had repeat revascularisations. Patients who died or had a myocardial infarction continued to be counted as having had an event.
A similar procedure was followed with respect to costs. For this analysis, estimates were needed of the costs associated with a repeat procedure and the costs of an angiogram, not only of the procedure itself but also of the additional costs associated with these procedures. These costs were estimated by using the data from the RAVEL study and applying a linear regression analysis with costs as the dependent variable and the various events as independent variables. It was noted that the resulting cost estimates were not just for the cost of the procedure but that they had to be interpreted as the additional costs associated with the treatment of a patient who undergoes such procedures. Total costs were corrected on the basis of the increase in the expected numbers of non-scheduled angiograms and the expected decrease in the number of repeat revascularisations.
Statistical analysis
All analyses were based on the intention to treat principle. In estimating the risk ratios from BENESTENT II, whether these relative risks differed between the randomised treatments (stent or balloon) was assessed by testing for differences in the log transformed risk ratios. Where the hypothesis of a similar effect could not be rejected (95% significance), data from both procedures were pooled to estimate the relative risks. A correction for the number of angiograms and repeat procedures was made when the risk ratios differed (95% significance) from 1.
With respect to the scenario assuming no angiographic follow up, the uncertainties surrounding the estimate were addressed by a combination of bootstrapping and multivariate sensitivity analysis. In bootstrapping, a number, say 1000, of new trials are simulated of exactly the same size as the original trial. This is done by drawing patients at random (with replacement) from the original trial. Each bootstrap leads to a new estimate of average costs and average effects. The resulting 1000 estimates can be summarised in terms of a distribution. Truncating the upper and lower 2.5% provides the 95% confidence intervals. This is a very convenient method when the distribution cannot be obtained in a classic way. 9 
RESULTS
In total, 120 patients were randomly assigned to sirolimus eluting stent implantation and 118 patients to bare metal Differences of log transformed risk ratios were not significant based on the 95% confidence interval (CI) surrounding these differences. BENESTENT, Belgium Netherlands stent. *Significant risk ratio used in RAVEL (randomised study with the sirolimus eluting Bx Velocity balloon expandable stent in the treatment of patients with de novo native coronary artery lesions) cost effectiveness model.
stents. With the exception of a higher percentage of men in the control arm, the two groups had similar baseline and procedural characteristics. At one year, the sirolimus and bare stent group had similar mortality (both 1.7%) and myocardial infarction rates (3.3% v 4.2%, respectively). The one year incidence of MACE was significantly reduced in the sirolimus group compared with the controls (5.8% v 28.8%, p , 0.01 by log rank test), mainly due to a major decrease in the need for repeat revascularisation in the sirolimus group (0% v 22.9%, p , 0.01). Table 1 presents the estimates of costs after one year. It appears that the additional costs of the initial procedure were almost completely recouped by the decrease in the costs of follow up. Based on the observed event rates and overall costs in RAVEL, without correcting for the impact of protocol mandated follow up angiograms, at the end of the first year the total costs were estimated to be only J54 per patient higher in the sirolimus eluting stent group than in the bare stent group. Costs per MACE-free survivor were estimated at J234 with an upper 95% limit of J5679. When considering the results in table 1 it may be noted that the costs of the scheduled angiograms are higher in the sirolimus group than in the bare stent group (which is related to the higher number of patients with repeat procedures in the bare stent group). This may suggest that without such follow up, the costs of the initial procedure would have been completely recouped. However, this suggestion would neglect the effect of the oculostenotic reflex, since the difference in repeat percutaneous revascularisation procedures between the two groups suggests that such a reflex may have had an effect on the costs and the outcomes. Table 2 summarises the frequency of non-scheduled angiograms and repeat revascularisation procedures in patients with and without protocol mandated follow up angiography in the BENESTENT II trial. 4 The need for nonscheduled angiography in each group is shown according to the time of its occurrence before, during, or after the period in which follow up angiograms were scheduled. There were no significant differences in the relative risk ratios for nonscheduled angiography in the stent and balloon arms in BENESTENT II. As table 2 shows (pooled data of the balloon and stent groups), protocol mandated angiographic follow up had no significant effect on the risk of unscheduled angiography during the first five months, and no correction factor was applied for this period. However, between five and seven months (period of the scheduled angiography), patients with no protocol mandated angiography had significantly more non-scheduled angiograms (increased by a factor of 3.577) and fewer repeat procedures (reduced by a factor of 0.387). Also, after seven months, the group with protocol mandated angiography had more non-scheduled angiograms, which were accordingly corrected by a factor of 2.146. After correction of the RAVEL data according to the expected effects of angiographic follow up, the difference in the number of repeat procedures was then estimated at 11.8% instead of 23.6%. Moreover, the difference in the number of unscheduled angiograms was estimated at 3.8% instead of 1.9%. Table 3 shows the results from the regression analyses relating the costs per patient to the costs of the initial procedure and the occurrence of all MACE, other serious adverse events, and angiograms (r 2 = 0.35; F = 10.76; F test p , 0.001). Applying the derived relative risks to the patient specific data leads to the estimates of both costs and effects as presented in table 4. Without routine angiographic follow up the difference in costs between the sirolimus eluting stent and the bare metal stent at one year was estimated to be J166. The costs per additional MACE-free survivor are now estimated to be J1495 with an upper 95% limit of J61 243. Figure 1 presents the estimates of both cost and effects after a combination of bootstrapping and multivariate sensitivity analysis based on the normal distributions surrounding the estimates of the relative risks.
DISCUSSION
In this report, we analysed the balance between costs and effects in the RAVEL trial, while recognising the potential increase in interventions due to the oculostenotic reflex associated with protocol driven angiographic follow up. Two scenarios were presented: one with scheduled angiographic follow up, based on actual data from the RAVEL study, and one that corrected for the effect of protocol driven angiograms. The first scenario led to an estimated cost difference at the end of one year of J54 per patient and a cost per MACEfree survivor of J234. The second scenario led to an estimated cost difference of J166 at the end of one year and a cost per MACE-free survivor of J1495. Both point estimates seem to be well within a range of what may be considered acceptable from a societal standpoint. These results need to be assessed in light of the study limitations. A first limitation is that the analysis was based primarily on data from the RAVEL study, which included only 238 patients with a primary end point of angiographic late loss at six months; MACE and resource utilisation were only secondary end points. Cost effectiveness was not a formal end point, mainly because of protocol mandated angiographic follow up, whose effect on outcomes was adjusted based on the BENESTENT II study. Our analysis of the costs and effects without angiographic follow up therefore has at least three sources of uncertainty. Firstly, there is the limited number of observations in the RAVEL study. Secondly, there is the estimate of effects of the oculostenotic reflex from the BENESTENT II study. Thirdly, there is the estimate of the costs that need to be subtracted as a result of this reflex. We considered all of these in our estimate leading to an upper 95% limit of J61 243. These numbers might have been even higher considering that the patients in the BENESTENT II study differ from those in RAVEL. The difference in MACE-free survival, considering only the revascularisations that were labelled as being clinically driven, was very close to that of the combined analysis suggesting that this last potential source of error may have been relatively small.
An alternative approach would have been to recalculate costs and effects by excluding the events that were not clinically driven. We decided against this approach, since it would not account for the effects of the protocol driven angiograms on the rate of clinically driven angiograms and on the reintervention rate before month 5 and after month 7.
The RAVEL study included a relatively non-complex group of patients, admitted for single lesion stenting (single vessel disease in 71%) of short coronary stenosis (average lesion length 9.58 mm). How the sirolimus eluting stent will perform in other patient populations with different risks of reintervention needs to be studied, in terms of not only efficacy but also cost effectiveness. Moreover, the RAVEL was an international study and no account was taken of differences in treatment patterns. Unit costs were estimated from one hospital and treated as if they were not surrounded by uncertainty. It was noted that the estimated differences in costs were highly dependent on the price difference between the sirolimus stents (J2000) and the bare stents (J672). As an example, when the price of the bare metal stent was set around J500, as it is in the UK, the total one year cost difference between the treatments was estimated at J341 in favour of bare stents, instead of J166.
A final important limitation concerns the outcome of the study. Sirolimus eluting stent implantation increased MACEfree survival, which is a combined end point of death, myocardial infarction, and repeat revascularisations. In practice it may reduce the need only for revascularisations. 1-3 10 Furthermore, it may be hypothesised that the antirestenotic effect of sirolimus stents may improve the rate of recurrent ischaemic symptoms and quality of life parameters. However, direct quality of life data have not been collected to determine the extent of the potential benefit of sirolimus stents in this regard. As such, cost per additional MACE-free survivor may not be the optimal way of expressing the balance between costs and effects in this scenario. In addition, the results obtained by calculating costs per MACE-free survivor, or costs per repeat procedure prevented, cannot be compared with the results of other health care interventions such as hip replacements. Given the lack of comparable outcomes, one may well ask the question how much society is prepared to pay to prevent repeat intervention during the first year after the initial intervention. However, when doing so, it may be important to recognise that the burden associated with the need for a repeat intervention may not be limited to a short period of anginal pain; one should also consider increased anxiety, disability and, most notably, an increased incidence of even more hospitalisations, some of which may result in repeat interventions. A bronchoscopy was performed. This showed complete occlusion of the left main stem bronchus secondary to an endobronchial lesion arising from the lower left bronchial tree.
Bronchoscopic biopsy was performed. This showed poorly differentiated carcinoma with large, hyperchromatic, pleomorphic nuclei with prominent nucleoli and coarse chromatin (below right: haematoxylin and eosin, 640 magnification). The cells had pale, vacuolated cytoplasm with indistinct cell borders. Features to suggest squamous cell carcinoma, such as sharp cytoplasmic borders and cytoplasmic keratinisation, were not seen. Features diagnostic of adenocarcinoma, such as intracytoplasmic mucin, glandular differentiation, and a papillary growth pattern, were not identified. These findings were consistent with a large cell undifferentiated carcinoma of lung.
The patient was treated with carboplatin and paclitaxel chemotherapy. 
